Inhibition of glycogen synthase kinase-3 reduces extension of the axonal leading process by destabilizing microtubules in cerebellar granule neurons.
Recent studies have uncovered various molecules that play key roles in neuronal morphogenesis. Nevertheless, the mechanisms underlying the neuron-type-dependent regulation of morphogenesis remain unknown. We have previously reported that inhibition of glycogen synthase kinase-3 (GSK3) markedly reduced axonal length of cerebellar granule neurons (CGNs) in a neuron-type-dependent manner. In the present study, we investigated the mechanisms by which the growth of CGN axons was severely suppressed upon GSK3 inhibition. Using time-lapse imaging of cultured CGNs at early morphogenesis, we found that extension of the leading process was severely inhibited by the pharmacological inhibition of GSK3. The rate of somal migration was also reduced with a GSK3 inhibitor in dissociated culture as well as in microexplant culture. In addition, CGNs ectopically expressed with a catalytically inactive mutant of GSK3 exhibited a migration defect in vivo. In axonal leading processes of CGNs, detyrosination and acetylation of α-tubulin, which are known to correlate with microtubule stability, were decreased by GSK3 inhibition. A photoconversion analysis found that inhibition of GSK3 increases the turnover of microtubules. Furthermore, in the presence of paclitaxel, a microtubule-stabilizing reagent, inhibition of GSK3 recovered the axonal leading process extension that was reduced by paclitaxel. Our results suggest that GSK3 supports the extension of axonal processes by stabilizing microtubules, contrary to its function in other neuron-types, lending mechanical insight into neuron-type-dependent morphological regulation.